A 6-year-old, neutered female British Shorthair cat presented with acute-onset weakness and mental dullness. The cat had previously been regarded as healthy apart from a transient myopathy (suspected toxoplasmosis) which resolved with clindamycin and supportive care 3 months earlier. A serum biochemistry panel and complete blood count were unremarkable apart from mild hyperglycaemia (9.9 mmol/l; 3.3-6.7 mmol/l) which was thought to reflect stress hyperglycaemia (catecholamine antagonism of insulin). Creatine kinase (CK) was within the reference interval (59 U/l; reference interval [RI] 0-314). Over the following 12 h the cat developed central blindness, tremors, intermittent seizures and opisthotonus. Repeat blood sampling (while the cat was symptomatic) revealed a marked hypoglycaemia (0.8 mmol/l). A concurrent insulin level (performed on a serum sample collected while the cat was hypoglycaemic) was inappropriately elevated (1575 mIU/l; RI 10-80
mIU/l). Pre-and post-prandial bile acids and a resting cortisol level were within the reference interval. An intravenous bolus of 5% glucose (0.5 g/kg diluted 1:3 in 0.9% sodium chloride solution) resulted in rapid resolution of all clinical signs and mild transient hyperglycaemia (12.5 mmol/l). Despite frequent feeding, the hypoglycaemia (2.0 mmol/l) rapidly recurred. An intravenous 2.5% glucose continuous-rate infusion (sodium chloride 0.45% w/v and glucose 2.5% w/v solution for injection [BP; Baxter Healthcare]) was commenced.
An abdominal ultrasound was unremarkable, although three cranial mesenteric lymph nodes were noted to be prominent (3 mm in width). Given the concurrent hypoglycaemia, hyperinsulinaemia and resolution of clinical signs following glucose supplementation, an insulinoma was suspected. An exploratory laparotomy revealed a firm and erythematous left limb of the pancreas. The body and right limb of the pancreas appeared grossly normal. Following surgical resection of the left limb of the pancreas, the cat returned to a euglycaemic state after a brief rebound hyperglycaemia. Histopathology revealed pancreatic fibrosis with marked multifocal micronodular hyperplasia of exocrine and endocrine cells, mild lymphoplasmacytic inflammation and ductular ectasia (Figures 1 and 2 ). Synaptophysin immunohistochemistry confirmed micronodular β-cell hyperplasia ( Figure 3 ). Mild granulomatous lymphadenitis and hydropic change within hepatocytes was also noted in biopsies acquired from the cranial mesenteric lymph node and liver, respectively. The histopathological findings were consistent with a diagnosis of acquired non-neoplastic hyperinsulinaemic hypoglycaemic syndrome (also known as nesidioblastosis) and underlying, chronic pancreatic inflammation with possible partial ductular obstruction.
The cat recovered uneventfully without any further intervention. Over the following 12 months, the cat remained clinically well and euglycaemic. A random insulin level performed 6 months after partial pancreatectomy was normal (20 mU/l). Thirteen months after diagnosis, the cat represented with acute onset lethargy and anorexia. A biochemistry panel revealed mild hyperglycaemia (10.8 mmol/l) with a moderate myopathy (CK 6942 U/l) and mild cholestasis (total bilirubin 22; RI 0-15). The cat died acutely in hospital before further diagnostic tests could be undertaken. No post mortem was performed. A recrudescence of toxoplasmosis was suspected. While an ante-mortem serum toxoplasma IgG titre was subsequently found to be positive (1:64), the IgM titre was negative (<1:16).
Discussion
Acquired non-neoplastic hyperinsulinaemic hypoglycaemia syndrome has not previously been described in the veterinary literature, although it is a well-known syndrome in people, where it is often referred to as nesidioblastosis. This syndrome has been increasingly identified in the human field since 1980, where it is now documented as the cause in up to 7% of adults who present with hyperinsulinaemic hypoglycaemia. 1, 2 Nesidioblastosis describes a syndrome of hyperinsulinaemia and associated hypoglycaemia secondary to focal or diffuse non-neoplastic β-cell hypertrophy and/ or hyperplasia within the pancreas. 3 In humans, two distinct forms occur: the congenital and adult (acquired) forms. [2] [3] [4] While the clinical signs and biochemical findings are similar, the two forms differ in terms of the distribution of lesions within the pancreas and the aetiology.
The congenital form is more commonly associated with focal β-cell hypertrophy and tends to be associated with genetic defects resulting in dysfunction of the adenosine triphosphate-sensitive potassium channel present in the plasma membrane of pancreatic β-cells. 3, 4 The closure of these channels initiates the depolarisation of the β-cell membrane, opening of calcium channels and subsequent insulin hypersecretion. 4 Clinical hypoglycaemia generally becomes apparent within the first 2 years of a child's life. 4 In contrast, the adult form tends to reflect focal to diffuse β-cell hypertrophy with or without hyperplasia. 3 No genetic link has been identified. 3 The cause of the acquired form remains uncertain, but there is some evidence to suggest that it is a regenerative response following pancreatic injury. 3, 5 In this case, the concurrent pancreatic fibrosis and leukocytic infiltrate suggests a degree of chronic inflammation and injury which could have acted as a stimulus for nesidioblastosis.
This cat was originally suspected of having toxoplasmosis based on a high likelihood of exposure (outdoor access, fed a raw lamb diet) and a clindamycin-responsive myopathy, but this was never confirmed. The initial serum toxoplasma immunoglobulin (IgG and IgM) titres were negative and convalescent titres were not performed until 18 months later (samples collected just prior to death). At that stage the cat was IgG positive (1:64) but IgM negative. While the IgG titre was low, seroconversion suggests exposure and possibly infection over the intervening period. If this cat were infected with toxoplasma, this could explain the chronic pancreatic injury as toxoplasma has been shown to have a high affinity for the pancreas (16-64% of cats with clinical toxoplasmosis had histopathological evidence of pancreatic involvement at post mortem) and this could have been a potential trigger for the acquired nesidioblastosis. 6, 7 Recrudescent toxoplasmosis could also explain the recurrent myopathy and sudden death. It is unfortunate that a post mortem was not performed to investigate this possibility. To the author's knowledge there has been no prior correlation between a myopathy and nesidioblastosis in the human literature.
A diagnosis of nesidioblastosis is difficult to achieve without invasive diagnostic tests. 8 Clinical signs reflect hypoglycaemia and are generally non-specific. While a high rate (>90%) of postprandial hypoglycaemia has been noted in people with nesidioblastosis, postprandial hypoglycaemia has occasionally been reported with insulinoma (although with the latter, fasting or exerciseinduced hypoglycaemia is more common). 9 The age of onset may have provided a clue to this non-neoplastic disease, as this cat was much younger than all previously reported cases of feline insulinoma (all were >12 years of age at diagnosis). 10, 11 It is interesting to note that this cat was mildly hyperglycaemic at the time of presentation. This was likely to reflect the release of insulin antagonists (eg, catecholamines, corticosteroids and glucagon) in response to stress or a Somogyi effect. The hypoglycaemia did not become biochemically apparent until the signs of neuroglycopenia worsened. This situation has been documented in dogs with insulinoma, where up to 8% were normoglycaemic at the time of initial presentation. 12, 14 Consequently, a single normal blood glucose reading does not exclude hypoglycaemic disorders and repeated measurement of a fasting sample is advisable if clinical signs progress.
In this case, the insulin level was initially determined using a canine insulin chemiluminescent immunoassay (owing to the lack of local availability of a feline validated assay) and the reference interval was extrapolated from previous feline studies. 10 A portion of the initial serum sample was frozen with the intention of repeating the insulin level using a feline-validated insulin assay, but the sample was lost in transit. Given that it is important to use an insulin assay that has been validated in the target species, a correlation study between the canine chemiluminescent immunoassay and a feline-validated insulin radioimmunoassay (NationWide Specialist Laboratories) was subsequently performed to validate the result and RI using feline control and test serum samples (unpublished data). In human cases of nesidioblastosis, the pancreas is often grossly normal and the microscopic changes are difficult to discern with standard forms of preoperative pancreatic imaging. 3, 8, 15 Positron emission CT targeting glucagon-like peptide 1 receptors may aid localisation but cannot distinguish between neoplastic and non-neoplastic causes. 8 Intraoperative selective arterial stimulation tests may also aid localisation and possibly aid differentiation between an insulinoma and nesidioblastosis, but in most cases differentiation relies on histopathological analysis of the pancreas. 2, 9 Histopathological findings in nesidioblastosis can be variable, but the most consistent finding is hypertrophy of the islet cells. 3 These hypertrophied cells are often recognisable even at medium magnification as they have abundant clear cytoplasm (often twice the diameter of normal islet cells) and prominent, hyperchromatic nuclei. 1, 3 Other findings such as islet-cell hyperplasia, lobulated arrangement within the islets and an increase in β-cell mass are less common. 3 In contrast to insulinoma, the lobular architecture of the exocrine pancreas is preserved and there is an absence of Ki-67 antigen activity (marker of proliferation). 3 This cat satisfied these diagnostic features, although Ki-67 antigen levels were not assessed.
In one study assessing the histopathological detection of nesidioblastosis by human pathologists, the interobserver analysis revealed 100% specificity and 87.7% sensitivity. 1 False negatives were encountered when islet-cell hypertrophy was subtle. 1, 3 Islet-cell hyperplasia has been reported as an incidental finding in post-mortem studies of research Beagles (after use in toxicology studies), aged horses and aged rats. 5, 16 None of these animals had any prior history of clinically significant hypoglycaemia. Vacuolar hyperplasia of islet-cells has also been documented as an incidental finding in diabetic dogs where it is thought to reflect a regenerative response. 17 There has been no clinical or biochemical evidence of hyperinsulinism or hypoglycaemic in any of these cases.
In 2014, a hyperinsulinaemic hypoglycaemia syndrome was reported in two juvenile (6-and 9-month-old) dogs. 18 Both dogs presented with neurological signs, marked hypoglycaemia, concurrent hyperinsulinaemia and a range of other haematological and biochemical abnormalities. Hypoglycaemia persisted despite glucose supplementation and frequent feeding. No further treatment was attempted, but post-mortem evaluations were performed. The pancreas appeared normal in one dog, but concurrent severe cholangitis and hepatic fibrosis were noted. Mild-to-moderate islet cell hyperplasia (without hypertrophy) was noted in the second dog along with encephalitis, arteritis and pneumonia. Both dogs returned positive PCR results for Bartonella species (from the liver and blood, respectively). It is possible that these two cases represent congenital nesidioblastosis, but the role of Bartonella species in their hypoglycaemic, hyperinsulinaemic syndrome is unknown.
Traditionally, in humans, partial pancreatectomy has been the favoured method of both diagnosis and treatment of nesidioblastosis, but high recurrence rates have sparked more interest in medical forms of management, 9 including diazoxide, long-acting octreotide, glucagon and calcium-channel blockers (eg, nifedipine and amlodipine). 2, 19 Medical management was not attempted in this case, but partial pancreatectomy appeared an effective form of treatment as the hypoglycaemia did not recur.
This the first time successful treatment of clinically significant, acquired nesidioblastosis has been reported in the veterinary field and the first time nesidioblastosis has been reported in the cat. While it is difficult to prognosticate based on one feline case, the prognosis of people diagnosed with nesidioblastosis is considered good. 19 
Conclusions
While this condition is rare, nesidioblastosis is an important differential to consider when investigating hypoglycaemia as it cannot be differentiated from insulinoma without histopathological evaluation. Given that the pancreas can appear grossly normal in humans with this condition, histopathological analysis of the pancreas should be undertaken in hyperinsulinaemic, hypoglycaemic patients even if focal pathology cannot be identified. Postprandial hypoglycaemia in a young-to-middle-aged patient with normal pancreatic imaging may give rise to a clinical suspicion of nesidioblastosis. In contrast with insulinoma, the prognosis of patients diagnosed with nesidioblastosis may be more favourable.
